We report a measurement of the fraction of b-quarks produced di ractively in pp collisions at p s=1.8 TeV. Di raction is identi ed by the absence of particles in a forward pseudorapidity region. From events with an electron of transverse momentum 9:5 p e T 20 GeV c within the pseudorapidity region
K. Maeshima, 10 P. Maksimovic, 14 L. Malferrari, 3 44 H. Nakada, 40 T. Nakaya, 7 I. Nakano, 15 C. Nelson, 10 D. Neuberger, 18 C. Newman-Holmes, 10 C.-Y. P. Ngan, 22 P. Nicolaidi, 39 H. Niu, 4 L. Nodulman, 2 A. Nomerotski, 11 S. H. Oh, 9 T. Ohmoto, 15 T. Ohsugi, 15 R. Oishi, V. Papadimitriou, 38 S. P. P appas, 44 A. Parri, 12 D. Partos, 4 J. Patrick, 10 Typeset using REVT E X We report the rst observation of di ractive b-quark production. In two previous letters we reported results on di ractive W -boson 1 and dijet 2 production in pp collisions at p s = 1800 GeV at the Fermilab Tevatron. From the ratio of the W to dijet production rates, the gluon fraction of the Pomeron, which is presumed to be exchanged in di ractive processes, was measured 2 to be f g = 0 :7 0:2. This result agrees with the values of f g obtained at the HERA electron-proton collider by the ZEUS 3 and H1 4 collaborations. However, the production rates at the Tevatron are 5-10 times lower than predictions 5,6 based on the di ractive structure function" of the proton measured at HERA. This breakdown of factorization brings into question the proposed 7 picture of the Pomeron as a color singlet state with a hadron-like structure function.
To probe more directly the gluon component o f t h e P omeron, we extended our studies to di ractive bb production. The UA1 collaboration set an upper limit of 1.2 b 0.6 b at 95 CL on the total di ractive b-quark production cross section in pp collisions at p s = 630 GeV, assuming a soft hard gluonic Pomeron structure in evaluating the detector acceptance 8 . The corresponding upper limit on the ratio of the di ractive to total 9 cross sections is R bb = 6:2 3 :1 . In this letter, we report a measurement o f R bb in pp collisions at p s = 1800 GeV using the Collider Detector at Fermilab CDF. Our measurement is based on identifying a high transverse momentum electron from b-quark decay, within the pseudorapidity 10 region jj 1:1, produced in single di raction dissociation, p + p ! p= p + b! e + X 0 + X.
Di ractive production is tagged by the requirement of a rapidity gap", de ned as the absence of particles in a forward pseudorapidity region. The detector is described in detail elsewhere 11,12 . In the rapidity gap analysis we u s e the beam-beam counters BBC and the forward calorimeters. The BBC consist of two arrays of eight v ertical and eight horizontal scintillation counters perpendicular to the beam line 0:4. If more than one jets are found, the one closest to the electron candidate is used. From the jet tracks we construct a jet axis which is used in the separation between bottom and charm quark decays. The above requirements are satis ed by 161,775 events. Our analysis strategy consists of rst extracting a di ractive signal from this event sample and then evaluating the b-quark fraction separately in the di ractive and total event samples.
As in our previous studies 1,2 , the di ractive signal is evaluated by counting BBC hits, N BBC , and adjacent forward calorimeter towers, N CAL , with E 1:5 GeV. Figure 1a shows the correlation between N BBC and N CAL . There are two e n tries per event in this gure, one for the positive and the other for the negative side of the detector. The 0,0 bin, N BBC =N CAL =0, contains 100 events. The excess of events in this bin above a smooth extrapolation from nearby bins is attributed to di ractive production. The non-di ractive content of the 0,0 bin is evaluated from the distribution of events along the diagonal of Fig. 1a with N BBC = N CAL , s h o wn in Fig. 1b . An extrapolation to bin 0,0 of a t to the data of bins 2,2 to 9,9 yields 24:4 5:5 non-di ractive b a c kground events. In the following, the subsample of events in the 0,0 bin will be referred to as di ractive".
Figures 1c and 1d show the electron E T and distribution, respectively, for the di ractive and total event samples. In Fig. 1d , the sign of the electron pseudorapidity f o r e v ents with a gap at positive was changed. We observe t h a t w h i l e t h e E T spectra show no signi cant di erence, the di ractive distribution is shifted away from the gap relative to the symmetric distribution of the total event sample. The dips seen in the latter are due to losses occuring at the interfaces between di erent calorimeter sections and are adequately reproduced by Monte Carlo simulations.
In addition to events from b-quark decays, the data contain events from charm decays and background. The background is mainly due to hadrons faking electrons and to electrons from residual photon conversions. Using the distribution of the charge deposited in the preshower detector, the hadron background in the total di ractive event sample is estimated to be 25:8 0:7 30:5 5:1 . Our estimate of the residual photon conversion background is 3:0 0:1 2:1 0:7 .
The beauty and charm fractions in the data are evaluated separately for the di ractive and total event samples. We u s e t wo methods to discriminate between beauty and charm decays. In the rst method, we t the electron momentum component perpendicular to the jet axis, p e=jet T , which depends on the mass of the parent quark, with the sum of four tem-8
plates: fake electrons from hadrons, photon conversions, charm and beauty. The amounts of fake electrons and photon conversions, for which the templates were obtained from data, are constrained by the estimates given above. The charm and beauty templates were obtained from simulations using the PYTHIA Monte Carlo generator 14 , followed by a detector simulation. This 4-component t yields a beauty fraction of 42:9 0:4 38 14 for the total di ractive event sample. The second method uses the impact parameter of the electron track, which depends on both the mass and the lifetime of the parent quark. The impact parameter is de ned as the minimum distance between the primary vertex and the electron track i n t h e r-plane. A t to the impact parameter distribution using four templates, as above, yields 47:7 0:4 38 14 for our two data samples.
Figures 2a and 2b show the ts to the p e=jet T and impact parameter distributions of the total event sample. Averaging the results of the two methods yields 73371 485stat
7774syst beauty e v ents, where as systematic uncertainty w e assigned the di erence between the results of the two methods. Figures 2c and 2d show a simultaneous t to the p e=jet T and impact parameter distributions of the di ractive sample. This t yields 44:4 10:2stat 4:7syst beauty e v ents, where we assigned the same relative systematic uncertainty as that in the total event sample. After subtracting the 24 non-di ractive background estimated from the t in Fig. 1b , there remain 3310stat5syst di ractive beauty e v ents. The di ractive e v ent yield must be corrected for losses caused by additional pp interactions occurring in the same pp bunch crossing as a di ractive e v ent, as well as for BBC and forward calorimeter occupancy due to noise or beam associated backgrounds. Such occurrences would spoil the rapidity g a p . F rom the instantaneous luminosity during data collection and the known cross section for inelastic pp collisions, the fraction of events for which a rapidity gap is not spoiled by another interaction is found to be 0:26 0:01. Using a sample of events with no reconstructed primary vertex collected by triggering the detector on randomly selected beam crossings, the combined BBC and calorimeter occupancy was measured to be 0:23 0:07. Correcting for these losses yields 165 50stat 29syst di ractive b e a u t y e v ents. The di ractive to total b-quark production ratio obtained from the above n umbers is R gap bb = 0 :23 0:07stat 0:05syst . This ratio is based on di ractive e v ents satisfying our rapidity gap de nition. To e v aluate R bb for the total di ractive beauty production requires knowledge of the rapidity gap acceptance, de ned as the ratio of the number of di ractive e v ents with a rapidity gap to the number of all di ractive e v ents. The acceptance is calculated using the POMPYT 15 Monte Carlo generator followed by a detector simulation. In POMPYT, Pomerons emitted by t h e p p i n teract with the pp in collisions simulated by PYTHIA 14 . As in our previous papers 1,2 , we use the standard Pomeron ux factor of Regge theory, f IP=p ;t = K 1,2 t F 2 t, where is the fraction of the beam momentum carried by t h e P omeron, t is the 4-momentum transfer squared, t = 1 :115 + 0:26 t is the Pomeron Regge trajectory, F t the proton form factor, and K = 0 :73 GeV ,2 16 . The acceptance was calculated for 0:1 and the same requirements for b-quark selection as for the data, using either a at, f = 1, or a hard, f = 6 1, , structure function for the Pomeron, where is the fraction of the momentum of the Pomeron carried by a parton. The results are shown in the table below:
Rapidity gap acceptance. IP -structure at-g at-q hard-g hard-q Acceptance 0.410.02 0.270.02 0.360.03 0.220.02
The rapidity gap acceptance for events generated with a at Pomeron structure, which is favored by the HERA measurements 3,4 , and a gluon fraction of 0:7 0:2, as reported in 2 , is found to be 0:37 0:02. Dividing R gap bb by this value yields a di ractive to total production ratio of R bb = 0 :62 0:19stat 0:16syst 0:1: Figure 3 shows a MC generated Pomeron distribution for di ractive b ! e + X events with an electron of p T 9:5 GeV c within jj 1:1. The shaded area represents events with a BBC and forward calorimeter rapidity gap as de ned in this analysis. The events are concentrated in the region of 0:01 0:06.
Theoretical calculations based on factorization using parton densities derived from ts to HERA measurements predict values for R bb ranging from 3.9 to 20.8 for the favored high-glue" ts, depending on the type of t used 18 . From POMPYT, using the standard Pomeron ux and a at hard Pomeron structure consisting of purely gluons or quarks, we obtain 10.4 11.6 and 0.92 1.02, respectively. The ratio D of the measured R bb fraction to that predicted by POMPYT depends on the gluon fraction f g of the Pomeron. This is shown in Fig. 4 , where D is plotted as a function of f g along with published results from ZEUS and our previous measurements 1,2 . For each measurement t h e t wo curves show the 1 bounds. Since the curves for the published results were obtained using a hard Pomeron structure in POMPYT, we used a hard structure in the b case as well. The resulting curves are almost indistinguishable from those obtained with a at Pomeron structure. The black cross and shaded ellipse represent the best t and 1 contour of a least square twoparameter t to the three CDF results. This t had 2 = 1 :7, and therefore the ellipse was calculated after multiplying the errors in the measured di ractive to total ratios by content o f t h e P omeron. The predictions are from POMPYT using the standard Pomeron ux and a hard Pomeron structure. The CDF-W curves were calculated assuming a three-avor quark structure for the Pomeron. The black cross and shaded ellipse are the best t and 1 contour of a least square two-parameter t to the three CDF results.
